EFFECT OF LST2H SIZE UPCH TIME 



HE^UIHED TO OPERATE 
A Thesis 

Submitted to the Faoulty 
of 

Purdue University 
by 

Antonio Augusto Abreu Cantinada 

v 

In Partial Fulfil leant 
of the 

Requirement s for the Degree 
of 

Master of Jcienee 
in 

Industrial Engineering 
June, 1952 



-m,' - u4 

t 



wn -i :wn 

%1*KT • 

\ »w >• *••■•• mm 

i#vf 

P 

y#wa <N » 

Ut#% 4£ 

wm\0f rrf* U) 



UlWiuNt 



ACEiiOWLSD GI22NT3 



The author wishes to egress his gratitude to 
Professor H. T. Amrine, to Professor I, W. Burr and to 
Professor P. £• Irick for their guidance and assistance, 
and to Professor £. J . LcCormiok and rofessor • JT. 
Richardson fcr their assistance. 

The author is also greatly indebted to those 
who helped him as subjects and whose names follow: 

E, G. Lindquist, J. 0. House, R. J. ^iraraert, C. Kromp, 

P. D. Viana, R. H. Doolittle, J. Crim, G. A. Grabowsky, 
H. T. Fiohaan and 0. Bromberg. 

The author expresses again many thanks to his 
friend ?. D. Viana for his valuable help. 



I % t>3 



u thaUiu tii ■ «• >• -it »<t 

M lot TUT . - «— u* . .# -I - .* .4 

i I v,t.n. w «•*'. "I ttl tu 

• >4*1. IM 

<*aM .14 <-U««Ut U-«r» M4» Hi ***.» M» 



.Pi' I .1 .1 M. .«)• |W • ,T .« 4 

... .V ,*utu * flO I .«•** .€ ,* 







T/J3LJ2 of cam&ms 

?a#e 

ABOTHACT . Hi 

IOT20DUCTIOH AHD PUEPQS2 1 

a susra or the lusratuhs. 2 

K2PS3IMJHTAL PROCEDURE 4 

Equipment 4 

Procedure 9 

fflkULTii IS 

DI JCU 3310*1 OF RSJULTo 20 

CtUCLUSIOK* 22 

API SJ*DJ2 A - TABI£3 4ft TO 4J. . 23 

APPENDIX B - TABLED 5ft TO 0,1 • . • £7 

API MfDIX 0 - A38ALY3I3 OK V,.aiAN C2C 38 

APPENDIX D - Determination of the neat representative 

curves of the results of the experiment. • • 42 

BIBLIOGRAPHY 44 



ili 

1 

« 

* 

* 

9 

d t 



* 



TX.C r, JJ*t 



. fIU*»IU 

- u : s:2.* »-I 



♦ 



* 







^ •* -•» - • *!<*• i 

• » . ■>• • • _a.*b i ^UsA .lA 

ip w *• ttt lyJK >A«> - «1 iliOLi Pd 

. « .Irpliitt Ml t* UMi Mf to t f? W 

. • . . .TI. Mnuni 



* 

it 



ii 



LIJT OF TABL23 Ai$D F3SUi?IS 

List of Tables 

Table Page 

1* Physical statistics of the Subjects 10 

2. Average lengths of five ssmi-oyoles for each 

combination of torque and lever. ....... 15 

3. Average duration, in seconds, of five aemi-cycles 

for each combination of torque and lever ... 19 

4. Order of presentation 23 

5. Hesults by operators • • • £7 

6. General results of the analysis of variance. . 41 

7. Limits for levels 5$ and 1>. ......... 41 

8. slopes and intercepts for the beat fitting 

straight lines for t»f(l) for T- constant. • • 43 

9* slopes and intercepts for the best fitting 

straight lines for t»F(T) for Is constant • . 43 

List of Figures 

Figure Page 

1. Tbs equipment used in the experiment. ..... 5 

2. The levers used in the experiment ....... 3 

3. Sample of tcpe from kymograph ....... . • 14 

4. Curves t»f(l) for Ts constant •••••*•••17 

5. Curves t%F(T) for 1* eons tout 18 






f * % JMT 19 



01 

tl 



. .«***** 

*.’ ,rx3ru»S*‘'^-*2-2 

. 1 -rt54JVrf3T.i*C» 



L* . 



,1 

J 

.» 



n 

is 

l» 

a 



... . . • - 

f * imimt « *» 

. | . .u sm • **** 

. . rjei-'T" UW'WSU/'yp* 



/ 



.• 



£ 

ft 

♦1 • * 
mi ... • 



intf 1 ^ >-j- 

tzil 

nt*~~i~ »• « *** — »>» m ** J 

- T. • •■ " * ’ •* 

. . . . -• <l» .■««. » •‘•-»- •• 

.... fl» '• tf “*** ** 
.... im.-m «i «a tr»w» •*’•• •• 



Ill 



ABSTRACT 

This experiment deals with the determination of 
the effect of the size of a lever upon the time required 
to operate it. 

The equipment was built to provide a constant 
torsional resistance which was to be overcome by an opera- 
tor using a lever that moved between two mechanical stops. 

A kymograph was used to register the time and 
provided an effective means to analyze, the operator perfor- 
mance in regard to time UBed to operate, as well as to pace 
maintained and correct operation. 

Ten subjects were used; they were college students 
and varied considerably in age and physical characteristics. 

Twenty- five combinations of five levers of differ- 
ent sizes and five different torques were used. All the 
operators were instructed to operate the lever at the maximum 
possible speed that they thought they would be able to main- 
tain during eight seconds. 

The position of the operator relative to the equip- 
ment was kept constant and. such that his elbow was 16.4 inches 
above the shaft arouni which the lever rotated (this length 
corresponds to the average lever size) and the forearm length 
away from it. 

It was concluded that, under the conditions of the 
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experiment and for the group of operators vdio performed 
the tests, 

(a) whan the torque increases and the lever size 
is kept constant, the time required to operate 
increases closely proportional to the torque. 

(b) The time required to operate is closely pro- 
portional to the distance that the hand has to 
travel. 

(e) The path that the hand has to travel is, prob- 
ably, the predominant factor determining the 
ties for operation. 

(d) The 10-inoh lever requires the minimum time 
for operation and the 25-inoh lever requires 
the maximum time for operation. 
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IfltaODUCTIOH AND tVSyQ3& 

V he n one examines a rnodera machine tool, generally 
he is led to the conclusion that it has achieved a relative- 
ly high degree of perfection in regard to the performance of 
its mechanisms* However, if further consideration is given 
to the analysis of its adequacy in regard to its use by the 
human element, it is not always possible to arrive at a sim- 
ilar conclusion* Only by complete integration of machine and 
operator is it possible to get complete efficiency in o&ohine 
tool operation* 

One of the elements which contributes to efficient 
operation of machine tools is adequate controls* The deter- 
mination of adequate controls for different situations which 
exist in practice is an important problem that has not been 
given much consideration* Therefore, in develop!!^ a machine 
the design engineer probably will find inadequate information 
to use in ordar to meet the needs of the required ease of 
operation. 

The experiment which is described in this paper 
originated from the desire to give a small contribution to 
the advancement of the knowledge of the immense field of 
application of handwheels, cranks, levers and knobs* 

The author chose levers as his problem and aimed 
to determine that lever size which requires the least time 
to operate when used to overcome a constant torsional resis- 
tance* 
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A SUIWEY OF TH2 LITEMTI28S 

The literature available dealing with research on 
the field of levers is not very extensive. 

Barnes 1 diseusses the subject of levers, crossbars 
and handwheels in regard to their position in machine tools 

and gives results of related studies. 

H 2 

Kuhne presents a discussion of studies dealing 
with determination of the effectiveness of levers, crossbars 
and handwheels under several different conditions. 

Chapania, Garner and Morgan 3 present e general 
study, as well as a group of experimental results, of the 
subject of controls of airplanes. This study is primarily 
devoted to the analysis of control foroes. These authors 
also discuss other kinds of controls, such as handwheels and 
oranks, as well as several types of movements which are of 
interest. 



1. Barnes, B, L. , "Principles of L&otion conomy as Belated to 
the Design of Tools and Equipment", ^otion and Time Study . 
John Wiley and Sons, Inc. , New YorH, l$Si, dhap. If. 

2* Kuhne, W. P#, "Studies on the Optimum Force Exerted on 
inch ine Controls", Indust rl elle rsychotechnik . June, 1927, 
Vol. Ill, No* 0, pp. 167-I72. 

3. Chapania, A., Garner, W. ft. and Morgan, C. T., "Controls 
for Human Use", How We Make ovements, Applied Experi- 
mental Psychology — Human Factors in Engineering Design . 
John Wiley fc Dona, Inc., Kew York, X9 49 , pp . £ 97-336; 
254-297. 
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McFarland 4 discusses results of studies of con- 
trol forces related to the performance of the pilot of an 
airplane who operates sticks or wheels; he also analyzes 
the problem of maxima, minima and desirable fbroes. 

Davis 5 gives the results of research in the field 
of handwheels, cranks and crossbars and discusses related 
problems • 

The existence of so limited information on the 
subject of lever operation seems to indicate the need for 
further study in this field and makes research dealing with 
it worthwhile to consider* 



4* McFarland, 2. A., Human Factors in Air ) ra, a ort Design , 
McGraw-Hill Book Co., New York, 1^46, pp* 384-3S3 , 
426-427, 473. 

5. Davis, L* 3., "Manual Controls", machine Design . Septem- 
ber, 1949, Vol. 21, pp. 127-130. 
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SXFSRIT^TTAL PtfOCSDIHE 

VVhile designing the experimental procedure, the 
author kept always in mind ids intention of setting up the 
experiment in a way that resembled a practical situation and 
such that, if any useful results were obtained, they would 
represent an answer to a question which might arise in prac- 
tice. 



The equipment was built to provide a means of ap- 
plying a constant torsional resistance to a rotating shaft. 
This was to be turned at a certain angle (90°) with the use 
of a lever attached to one of its ends (Figure 1), 

Several ways of getting a torque to be overcome 
by the action of a lever were considered, but they were ruled 
out as Inadequate because they did not meet one of the most 
important requirements of the experiment, that is, to pro- 
vide a constant torsional resistance. For this reason, the 
author decided to use a belt and drum arrangement (Figure 1), 
This provided a frictional torque which seemed to meet the 
requirement. Later, when tie equipment was built and tested, 
this assumption was confirmed. The arrangement chosen not 
only allowed the torque to be Kept constant but also permit- 
ted an easy change of torque for successive runs by simply 
varying the spring tension of each seals (Figure 1), 
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Figure 1 

The Equipiaept used in the Experiment 
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The ehoioe of the range of torques to he used was 
based on two sain considerations: 

(a) using torques usually found in practice; 

(b) the need of providing a reasonable variation among 
the torques in order to have a detectable difference 
in the related times* 

In order to meet the first consideration, the author consul- 
ted different sources 1 and finally concluded that, in general, 
the torques found in praotioe are not excessive and that a 
maximum of 150 inch-pounds could be used. The difference 
among the torques was established as 30 inch-pounds, however, 
for convenience of use of the equipment , the following values 
were finally adopted: £8, 59, 89, 112 and 145 inch-pounds. 

In ohoosing the lengths of levers to be used in the 
experiment, practical sources of informat ion were also consid- 
ered. The author examined the levers on the machine tools in 
the Kiohael Golden laboratory of lurdue University; he also 

g 

checked catalogues of tools . Since the sizes of levers found 
on both machine tools and hand tools range from 4 inches to 
about 45 inches (the majority being in the range of 10 to 25 

1. Jergens Tool specialty Go., Catalogue of Jigs and fixtures 
Component Parts. 

Siewek Tool Division of Domestic Industries, Inc., Clamps, 
Details and Fixtures Locke. 

Ghapanie, A., and others (Op. Git.), pp. 320-321, 

Davis, L. E. (Loc. Cit.), . 

Kandbook of Human Engineering Data - Office of aval re- 
search - Technical report 3DC 199-1-1, art VI, Chap. II, 
Dee. III. 

2. Armstrong Bros. Tools Co., Armstrong Tools Catalogue; 

Diewek Tool Dlv. of Domestic Industries, Inc. (Op. Cit.}. 
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